As the independent Benin's first export crop, oil palm continues to play an important role in the Beninese economy and society despite the decline in its production that has begun since the 1970s. It is present in most cropping systems throughout southern Benin. The objective of this article is, on the one hand, to assess the level of technical efficiency of oil palm fruit processing units in South-East Benin and, on the other hand, to analyze the determinants of this technical efficiency. The so-called "two-step" method was used, which consists of using a Data Envelopment Analysis (DEA) model for the analysis of technical efficiency scores followed by a Tobit regression model to analyze the determinants of technical efficiency. The data used were collected in 2018 within the Adja-Ouèrè municipality. The results obtained show that the average technical efficiency score of the processing units is 0.891, which means that it is still possible to improve the production. The analysis of the determinants of technical efficiency showed that variables such as membership to an agricultural producer organization and the number of direct relatives involved in the processing activity improve the technical efficiency of oil palm fruit processing units.
INTRODUCTION
The introduction of oil palm (Elaeis guineensis) in Dahomey (present-day Benin) goes as far back as two centuries ago. The expansion of its production was encouraged by King Guezo (1818-1858) (Dissou, 1972; Soumonni, 1995) . Until 1960, the colonial administration favoured mainly the trade of export crops. From 1960 to 1970, rural development policy focused on the promotion of oil palm with the creation of the National Society for Rural Development (SONADER). Oil palm production increased from 6,000 tonnes in 1966 to 14,300 tonnes in 1970 (Beck, 1995) . But over the last fifty years, several problems have hindered the development of oil palm production in Benin. They can be grouped into three categories:
(a) The decrease in production and yields due to: (i) Declining rainfall: Oil palm suffered from the rainfall recessions recorded between 1963 and 1983. Annual E-mail: a60j60@gmail.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License rainfall is estimated at an average of 1200 mn of water per year. However, according to Hartley (1977) , it takes about 2000 mm of rainfall well distributed throughout the year, preferably with three months of rainfall of less than 100 mm for the proper development of oil palm. However, the rainfall patterns of Benin's stations show a one-tothree-month recession sometimes between July and September and often rainfall of less than 100 mm, reaching 50 mm and less in some years. (ii) Low availability of specific fertilizers; (iii) Low availability of quality seeds: Good quality young palm plants are not available and/or accessible; (iv) Ageing of plantations;
(v) Lack of access to adequate credit.
(b) The marketing problem: Strong competition from imported oils; (c) The problem related to post-harvest processing mainly to the processing of palm nuts fruit into palm oil:
(i) The low yield of palm oil extraction using traditional processing methods because of the predominance of a very poorly mechanized artisanal sector (Fournier et al., 2000) ; (ii) The poor access to credit adapted to the processing of palm nuts into red oil.
In a study on the artisanal processing of palm oil in Benin and Nigeria, Fournier et al. (2001) pointed out that:
(i) The high dispersion of palm oil extraction activities among the population of South Benin; (ii) A strong competition between women palm oil processors, which hinders cooperation between them; and (iii) The existence of collective innovation dynamics resulting in local product qualification processes in some regions, and in improvements in process productivity in other regions.
To date, no studies on the efficiency of traditional oil palm fruit processing units have been carried out in Benin. However, such a study is essential to see whether it is possible to improve the productivity of processing units without increasing the use of productive resources.
Despite this decline, oil palm is and remains the oil plant that supplies the most oil per hectare (Aholoukpè et al., 2013) . That is why the people of southern Benin are so attached to it economically, socially, culturally and environmentally (Fournier et al., 2002) . The traditional processing of palm nuts into red oil is largely dominant and provides a significant source of income for those who engage in it (SNV, 2016) . Better still, the Strategic Plan for the Revival of the Agricultural Sector (PSRSA 2011 (PSRSA -2015 had already targeted oil palm as a promising sector for Benin. The Government's Action Programme (PAG 2016 (PAG -2021 has also targeted oil palm in three Agricultural Development Poles.
In view of the renewed interest in oil palm in recent years, it is necessary to analyze the performance of traditional processing units of palm nut in order to make relevant recommendations for reviving this sector. The objective of this article is, on one hand, to assess the level of technical efficiency of oil palm fruit processing units in South-East Benin and, on the other hand, to analyze the determinants of this technical efficiency.
METHODOLOGY

Study areas and data collection
For this research, the Commune of Adja-Ouèrè in the plateau department of South-East Benin as selected. Covering an area of 550 km 2 , the Commune of Adja-Ouèrè enjoys a sub-equatorial climate with two dry seasons that alternate with two rainy seasons. Rainfall amounts to 1100 to 1200 mm per year. The presence of the Oil Palm Research Station in Pobè (neighbouring municipality) has long created a dynamic favourable to palm cultivation in this municipality, which has large oil palm plantations covering thousands of hectares and managed by cooperatives, interest groups, farming companies and individual producers (Fournier et al., 2001; PADECOM/Afrique Conseil, 2006) . A sample of 60 oil palm fruit processing units was selected for the in-depth investigation. The sample size was calculated using the following formula (Rea and Parker, 2014) :
Where: TE = Sample size. N = Number of agricultural households in the Commune of Adja-Ouèrè. According to the 2013 RGPH3 data, the number of agricultural households in Adja-Ouèrè Municipality is 9427. In 2018, the number of agricultural households is estimated at 11,196. P = Proportion of agricultural households with a traditional unit for processing palm nuts into red oil in the Commune of Adja-Ouèrè. It is estimated at about 19.5%. Tp = Sampling confidence interval. For a 95% confidence interval, the value of Tp = 1.96. Y = Margin sampling error. We have taken here a margin error of 10%.
A questionnaire was designed, tested and administered to the 60 processing units. Data on quantities and prices of inputs used, including palm nuts, water and fuelwood, were collected. Information on the quantity and cost of labor throughout the processing process, in particular the cooking of the palm nuts, mixing, dilution up to settling of the oil and its packaging were collected. Some socio-economic characteristics of the people in charge of the processing units were also collected.
Data analysis
Two approaches are commonly used to measure technical effectiveness: the parametric approach (Aigner and Chu, 1968; Aigner et al., 1977; Meeusen and Van Den Broeck, 1977) and the non-parametric approach (Farrell, 1957; Farrell and Fieldhouse, 1962; Charnes et al., 1978; Banker et al., 1984; Seiford and Thrall, 1990; Seiford, 1996; Lovell, 1993; Charnes et al., 2013; Badillo and Paradi, 1999; Seiford, 1999; Amara and Romain, 2000; Borodak, 2007; Latruffe, 2010) . The parametric approach is based on a functional form for specifying the production boundary and profit function from econometric tools. The non-parametric approach, on the other hand, is not based on a predetermined functional form. It is based on linear programming and consists of determining the distance between a given observation and the target to be reached. In this study, the so-called "two-step" method (Coelli et al., 2005; Pastor, 2002) was used. The "two-step" method combines a DEA model and regression analysis. In the first step, a traditional DEA model was built that includes only discretionary variables (inputs and outputs). In the second step, efficiency scores are regressed on environmental variables using Tobit regression model Bravo-Ureta et al., 2007; Chavas and Aliber, 1993; Featherstone et al., 1997; Fried et al., 1999; Rowland et al., 1998) .
Data envelopment analysis (DEA)
In practice, the DEA model can be given an input or output orientation. In the case of an input orientation, the model minimizes the inputs for a given level of outputs, that is, it indicates how much a Decision Making Unit (DMU) can reduce its inputs while producing the same level of outputs. In an output orientation, however, the model maximizes outputs for a given level of inputs, that is, it indicates by how much an MISP can increase its outputs with the same level of inputs.
The choice of the type of orientation of the model depends on the variables (inputs or outputs) on which the decision-makers exercise the greatest management power. If we make the hypothesis that no constraints are imposed on decision-makers and that they exercise management power over both resources (inputs) and outputs (outputs), and the hypothesis that the processing units studied evolve in a situation of Variable Returns to Scale (VRS), that is, they do not operate at their optimal size, we can use the DEA model in this study under the assumption of output-oriented variable scale return (Huguenin, 2013) .
Technical efficiency is a global measure of an organization's performance. However, it does not indicate the source of the inefficiencies found, which could be twofold:
(i) First of all, the organization may be inefficient because its management can be improved (not to say deficient); (ii) Second, the organization may be inefficient because it has not reached its optimal size. The DEA method allows technical efficiency to be decomposed to reflect these two sources of inefficiency:
(i) The notion of pure technical efficiency refers to the inefficiency associated with perfectible management; (ii) The notion of scale efficiency refers to the inefficiency associated with a sub-optimal size designated by: Q rk : the quantity of the output r produced by the processing unit k; X ik the quantity of input i consumed by the processing unit k;
the weight of the output r ; the weight of the input i; n : the number of processing units to be evaluated; s : the number of outputs; m : the number of inputs; s r and s i : the slacks.
i) Primal equation:
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ii) Dual equation:
Where: ⁄ and represent the technical efficiency of the organization k; represents the weight associated with the outputs and inputs of organization j.
iii) Dual equation with slacks:
Based on this, the efficiency will then be adjusted to the environmental conditions.
Tobit regression
The Tobit model was developed by economist James Tobin in an article published in 1958. It is a model with a limited dependent variable, that is, a model for which the dependent variable is continuous but observable only over a time interval. In our work, each processing unit has an efficiency coefficient in the closed range of 0 to 1. The technical efficiency scores calculated for each processing unit are regressed on the potential determinants of the environment.
If we designate y i as the dependent variable that represents the technical efficiency score of processing unit i, the Tobit model will look like this: i = 1, 2, …., n Where the observed variable is:
{ According to the literature, certain factors are likely to have an impact on the technical efficiency level. For this study, we will use the following factors (Table 1) :
(i) The age of the person in charge of the processing unit (X AGE ): Some authors believe that the relationship between age and technical efficiency may be negative (Coelli and Fleming, 2004; Jwanya et al., 2014) . Other authors, however, believe that this relationship can be positive (Dube et al., 2018) .
, , 0 = 1, , ; = 1, . . , ; = 1, . . , Size of the household of the person in charge of the processing unit X EXP Number of years of experience in palm nut processing, measured in years X APP Membership of an agricultural producer organization. It is measured as a binary variable: 1 if the processor is a member of an agricultural producer group; 0 = other X NPD Number of direct relatives who process palm nuts (ii) The size of the household of the person in charge of the processing unit (X TAI ): Household size plays an important role in labour availability and can positively affect the level of technical efficiency (Ani et al., 2013; Nuama, 2006; Ayaz et al., 2010; Dube et al., 2018) .
(iii) The number of direct relatives of the person in charge of the processing unit in the activity (X NPD ).
(iv) The number of years of experience in palm nut processing, measured in years (X EXP ): The number of years of experience could positively influence the level of technical efficiency (Ayaz et al., 2010) .
(v) The fact that the person in charge of the processing unit belongs to an agricultural producer organization (X APP ): Membership of an economic interest group has a positive impact on technical efficiency (Helfand and Levine, 2004; Nuama, 2006; Idris et al., 2013) .
The following equation was estimated, based on the primary data obtained:
X SET = 1 + 2 X AGE + 3 X TAI + 4 X EXP + 5 X APP + 6 X NPD + Where X SET is the efficiency score of the processing units.
Here, the Stata software was used to estimate the Tobit model.
RESULTS AND DISCUSSION
Analysis of the technical efficiency of oil palm fruit processing units
The results of the model are presented in Appendix 1.
The first column of the table shows the oil palm fruit processing units. The second column presents the efficiency scores generated by the model under the assumption of constant returns to scale technical efficiency (CRSTE), also called total efficiency, which is further broken down into two other types of efficiency: pure efficiency, which is variable returns to scale technical efficiency (VRSTE), presented in the third column, and scale efficiency, presented in the fourth column. The type of returns to scale (IRS, DRS, CRS) is presented in the last column: The processing units associated with IRS evolve in a situation of increasing returns to scale (economies of scale); those associated with DRS evolve in a situation of decreasing returns to scale (diseconomies of scale); and finally those associated with CRS evolve in a situation of constant returns to scale; each of these operate at their optimal size. On average, the processing units studied obtained the following efficiency scores: i) 86.6% for CRSTE: in total, the oil palm fruit processing units studied can increase all their outputs (red oil) by 13.4% with the same amount of inputs. ii) 89.1% for VRSTE: a better management of oil palm fruit processing units makes it possible to increase the quantity of outputs (red oil) by 10.9% with the same quantity of inputs. iii) 97.2% for SCALE: by adjusting their size, oil palm fruit processing units can increase their outputs (red oil) by 2.8% with the same amount of inputs. Table 2 shows the frequency distribution and some descriptive statistics of the technical efficiency scores in terms of constant returns to scale, variable returns to scale and efficiency of scale. On average, the 60 processing units studied obtained the following efficiency scores ( Table 2) : i) 20 processing units (that is, 33%) are efficient; ii) 28 processing units (that is, 47%) have an efficiency score greater than or equal to 80% and less than 100%. iii) 6 processing units (that is, 10%) have an efficiency score of 70% or more and less than 80%. iv) 6 processing units (that is, 10%) have an efficiency score of 40% or more and less than 70%.
The analysis of the results in Table 3 shows that:
(i) 28% of the oil palm fruit processing units studied are in a situation of economies of scale, that is, they operate in a situation of increasing scale efficiency. This means that a 1% change in output production implies a less than 1% change in input consumption. An organization in such a situation has not yet reached its optimal size. To improve its scale efficiency, it must increase its production. This is the case for processing unit 31, for example, which has a pure efficiency of 83.3% and a scale efficiency of 86.4%. It is evolving in a situation of increasing returns to scale (IRS). By improving the way the processing unit is managed, 16.7% (100% -83.3%) of the inputs can be saved. By adjusting the size of the processing unit, input consumption can be reduced by 13.6% (100%-86.4%).
(ii) 38% of the oil palm fruit processing units studied are in a situation of diseconomies of scale. A 1% change in output production implies a change in input consumption of more than 1%. An organization in such a situation has already exceeded its optimal size. To improve its scale efficiency, it must reduce its production. This is the case of processing unit 40, which has a pure efficiency of 88.5% and a scale efficiency of 91.3%. It operates in a situation of diminishing returns of scale (DRS). By improving the way the processing unit is managed, 11.5% (100% -88.3%) of the inputs can be saved. By adjusting the size of the processing unit, input consumption can be reduced by 8.7% (100% -91.3%).
(iii) 33% of the oil palm fruit processing units studied are in a situation of constant returns to scale. A 1% change in output production implies a 1% change in input consumption. The example to illustrate this case is processing unit 48, which has a pure efficiency of 97.2%
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and a scale efficiency of 100%. It operates in a situation of constant returns of scale, so it operates at its optimal size.
The result of this study reveals an average technical efficiency of 89%. This average technical efficiency is almost similar to what Wuraola et al. (2013) found in a study on the technical and allocative efficiency of palm oil processing in Benue State in Nigeria. By using stochastic production frontier model, they found that the average technical efficiency is 91% showing that the processors actually operate with a level of inefficiency (9%). The result of our study is however different from the one found by Abdulsalam et al. (2014) in their study on the technical efficiency differentials in oil palm fruit processing technologies in Cross River State, Nigeria.
The results of their study revealed mean efficiency of 62% for traditional and 81% for improved technologies.
Technical efficiency determinants analysis
To analyze the determinants of technical efficiency, the technical efficiency scores on the demographic and environmental variables of the transformation units were regressed. The technical efficiency score was used as the dependent variable. As it varies between 0.499 and 1, ordinary least squares are no longer indicated. We then used a Tobit model. Table 4 presents the results of the model that examined the relationship between the technical efficiency score and the variables earlier mentioned.
The results of the model show that age (with a significance level of 10%), membership of an agricultural producer organization (with a significance level of 1%) and the number of direct relatives in the activity (with a significance level of 5%) have a significant effect on the effectiveness score.
Membership of an agricultural producer organization has a positive effect on the efficiency score of processing units. This is proof that the organization can offer opportunities for access to credit, labor and even new technologies. It can also provide an excellent framework for the exchange of experience between members. This result is consistent with that obtained by Helfand and Levine (2004) , Nuama (2006) and Mohd et al. (2013) .
The number of direct parents in the activity also has a positive effect on the effectiveness score. The presence of parents engaged in the same activity best facilitates the learning process of the trade while at the same time providing an excellent framework for the exchange of experience and the dissemination of new technologies. It could also make it possible to pool certain productive resources such as processing equipment and even sometimes labor.
Age, on the other hand, has a negative effect on the efficiency score. This will mean that increasing the age of the person in charge of the processing unit leads to a decrease in her technical efficiency score. It is therefore possible that the increase in the processor's age will further plunge her into a state of conservatism that is detrimental to the adoption of new technologies. This result is consistent with those obtained by Adesina and Baidu-Forson (1995) , Coelli and Fleming (2004) , Onyenweaku et al. (2004) , Chirwa (2005) , Alene and Manyong (2006) , Chong (2013) and Mohd et al. (2013) . The number of years of experience in oil palm fruit processing has a positive but not significant impact on the efficiency score. These results are consistent with those obtained by Idiong (2007) and Rahman and Umar (2009) .
The size of the household of the head of the processing unit has a negative and insignificant impact on the efficiency score. These results are consistent with those obtained by Alene and Manyong (2006) and Croppensted et al. (2003) .
CONCLUSION AND RECOMMENDATIONS
The objective of this article is, on one hand, to assess the level of technical efficiency of oil palm fruit processing units in South-East Benin and, on the other hand, to analyze the determinants of this technical efficiency. The estimation of the DEA model showed that the average technical efficiency score of the processing units is 0.891, which means that it is still possible to improve the production.
Analysis of the determinants of technical efficiency showed that variables such as membership of an agricultural producer organization and the number of direct relatives in the activity improve the technical efficiency of oil palm fruit processing units.
In order to improve the technical efficiency of oil palm fruit processing units, we can make the following recommendations at the end of this study:
(i) Encourage owners of the oil palm fruit processing units to group themselves into associations with regard to the OHADA Uniform Act of 15 December 2010 on the rights of cooperative societies. The Territorial Agencies for Agricultural Development, which today constitute the operational arm of the Ministry of Agriculture, Livestock and Fisheries, which provide agricultural extension services, should encourage the heads of oil palm fruit processing units to form associations in order to facilitate their access to new technologies, credits and labour. Non-governmental organizations and the National Platform of Farmers' and Agricultural Producers' Organizations of Benin (PNOPPA-Benin) and the Federation of Producers' Unions of Benin (FUPRO-Benin) could play a major role in promoting professional agricultural organizations among oil palm fruit processing units owners. ii) Share the experience of the oil palm fruit processing units run by young people with those run by the elderly in order to improve the technical efficiency of the whole sector; this could be done through experience exchange visits. 
